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A Drosophila screen aimed at furthering under-
standing of how tissues develop from the mesoderm
has identified a novel signalling molecule that is 
proposed to signal from somatic muscle progenitors
to direct the development of adjacent visceral
muscle.
Communication between cells is fundamental to the
development of all animals. Over the years investiga-
tions of the development of the fruit fly Drosophila
melanogaster have been instrumental in both the dis-
covery and analysis of numerous signalling pathways.
It has emerged that any one signal is generally used
not only across the breadth of the animal kingdom,
but also in multiple contexts in a single species. These
same signals are also often found to have profound
effects on cell physiology and to impact on disease
states such as cancer [1,2]. It is therefore with great
interest that one reads a report of a novel molecule
implicated in signalling from one cell to another. This
feeling is accentuated when the molecule is implicated
in hitherto unsuspected communication between two
cell types during embryogenesis. In a recent paper,
Weiss et al. [3] report just such a molecule. It is called
jelly belly (jeb) and its discovery followed a long-term
approach addressed at a basic question of develop-
mental biology.
From Pattern to Tissue
Images of Drosophila embryos with stripy domains of
gene expression are very familiar nowadays. These
stripes and patches reflect the patterning mechanisms
that establish the basic body plan of the animal and
govern its subsequent subdivision. A major problem
for today’s developmental biologist is to understand
what happens next. How is the information from these
patterning signals and transcription factors interpreted
to produce the range of different cell types, and how
are these cells organised into functional tissues? One
strategy to forge links between patterning and later
events is to look for direct downstream targets of the
transcription factors that respond to, or are even part
of, the patterning process and which regulate specific
developmental pathways. A number of approaches
are possible, including biochemical or genetic isola-
tion of genomic DNA bound by the transcription
factor, and differential expression screens based on
subtractive hybridisation or, more recently, DNA
microarrays (for examples see [4–7]).
Weiss et al. [3] initiated a study to address this issue
in the mesoderm. The mesodermal germ layer is formed
at gastrulation and its specification requires the bHLH
transcription factor Twist. The range of tissues that
differentiates from it includes somatic body wall muscle,
visceral muscle, the heart and the fat body. In each
segment of the embryo progenitor populations of these
different derivatives develop at specific positions along
both the anterior–posterior (A–P) and dorsal–ventral
(D–V) axes [8]. Subdivision into these domains occurs
shortly after gastrulation in response to intrinsic tran-
scription factors together with signals from the overlying
ectoderm (Figure 1A). Key regulators along the A–P axis
are the transcription factors Eve and Slp, and the signals
Wg and Hh. Along the D–V axis a major signal is Dpp,
a member of the bone morphogenetic protein (BMP)
superfamily. One gene that responds to this patterning
is tinman (tin), expression of which is activated by Twist
and Dpp. The tin gene encodes a homeobox-containing
tran-scription factor, and tin mutants develop with no
heart, no midgut visceral mesoderm and some defec-
tive somatic muscles [9,10]. 
In order to understand how tin works, Weiss et al.
[3] undertook a screen to look for genomic DNA frag-
ments containing Tin-binding sites. One gene they dis-
covered through this route is jeb. They found that
whilst Tin can induce ectopic expression of jeb in the
mesoderm, it is not required for jeb expression. They
therefore speculate that tin has a redundant role in the
regulation of jeb. This role must also be early because
only then might their expression patterns overlap. This
has not yet been shown and establishing whether jeb
is indeed regulated by Tin clearly requires further
experiments. However, the beauty of experimental
science is that you do not know what you will
discover, and in this work further studies of jeb
expression were the key to the new findings.
Weiss et al. [3] report that the jeb gene is tran-
scribed in somatic muscle progenitors, but not in vis-
ceral muscle progenitors. However in jeb mutants,
whilst the somatic muscle appears normal, no differ-
entiated visceral muscle develops. So here is a gene
expressed in one cell type that is required for the
development of a nearby second cell type. How is it
working? Weiss et al. [3] suggest that Jeb is a signal
secreted by somatic muscle progenitors and required
for visceral muscle development (Figure 1B). They
present a collection of other findings that support the
idea of a secreted signal. They find Jeb protein in vis-
ceral mesoderm as well as in somatic mesoderm, and
this association of Jeb with visceral mesoderm is
reduced or absent in shibire mutants. Because Shibire
is required for microtubule mediated endocytosis, this
finding suggests that Jeb enters visceral cells via a
receptor, which is consistent with the punctate pattern
of Jeb staining in visceral mesoderm. Lastly, they
show that Jeb can be secreted from cultured cells.
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In a jeb mutant there is no differentiated visceral
muscle. The next question is which event in the devel-
opment of the mature muscle is affected? Differenti-
ated visceral muscle of the midgut comprises a lattice
of circular and longitudinal fibres that encloses the
endodermal tube of the midgut. Weiss et al. [3] focus
on the circular visceral muscle. This develops from
eleven clusters of cells along each side of the embryo
that derive from part of the eve domain of each
segment defined by the intersecting A–P and D–V
cues described earlier (Figure 1B). The specified cir-
cular visceral muscle progenitors are revealed as clus-
ters of cells expressing genes encoding two more
transcription factors: bagpipe (bap), which is activated
by tin, and biniou [9,11]. The cells in these clusters
move internally and then migrate longitudinally to form
a continuous band and express a differentiation
marker, the cell surface protein Fas3 (Figure 1C). At
this stage, two populations of cells are apparent, an
ordered file of cells at the margin and a loose aggre-
gate of adjacent cells [12]. The ordered cells then
divide to form a dorsal row and ventral row. These
cells subsequently fuse with adjacent myoblasts and
elongate to surround the endodermal midgut, but that
is another story.
Weiss et al. [3] used Bap and Fas3 as markers to
reveal that, although visceral muscle progenitors are
specified in jeb mutants, these cells then fail to differ-
entiate and migrate normally. They argue that the key
effect of Jeb may be on the migration of the visceral
muscle progenitors. Their evidence is from experi-
ments in which they misexpressed a jeb cDNA in the
developing visceral mesoderm, either to rescue the jeb
mutant phenotype or in a non-mutant embryo. In both
cases they found that, whilst differentiation occurred,
the longitudinal migration to form the continuous band
of Fas3-expressing cells was disrupted. They there-
fore  suggest that Jeb acts as a positive, positional
cue for visceral mesoderm migration, whilst acknowl-
edging that the effect of Jeb might be on an aspect of
differentiation necessary for migration. Further analy-
sis will be required to define the primary visceral
response to Jeb.
Does analysis of the Jeb sequence throw any light
on this? Jeb contains a signal sequence and a low
density lipoprotein (LDL) receptor repeat motif [3].
Both features are consistent with its proposed sig-
nalling activity. Many other LDL repeat containing pro-
teins are receptors or secreted proteases and
protease inhibitors, but as Jeb does not contain other
domains found in these classes of proteins, the mole-
cular nature of how it might signal remains a mystery.
However, Weiss et al. draw attention to a number of
previously reported molecules that have some simi-
larities to Jeb in terms of sequence and proposed
function. These include two secreted molecules, SCO-
spondin and 8D6, which contain LDL receptor repeats
and which may, respectively, be involved in neuronal
aggregation and signalling in the immune system
[13,14]. A third is Caenorhabditis elegans Mig13, which
has two LDL repeats and affects neuronal migration
[15]. It has a transmembrane domain and yet functions
non-autonomously.
These examples provide a tantalising glimpse of a
new world of signalling in which common themes
appear to be the LDL receptor repeat and signalling
roles in cell movement. The relationship between
these molecules and their mechanism of action will
only be unravelled by further experiments. One refresh-
ing aspect to this work on jeb is that a signal from
somatic muscle to visceral muscle had not been antic-
ipated, even though other signals are an important
aspect of gut development. For example, develop-
ment of the hindgut visceral mesoderm depends on
signals from the hindgut ectoderm [16], and interac-
tions with the midgut visceral mesoderm are impli-
cated in the development of the midgut endoderm
[17]. The nature of any signal to the longitudinal vis-
ceral muscle of the midgut, which requires migration
and dispersion on a much larger scale than the circu-
lar visceral muscle, remains to be established.
Figure 1. Visceral muscle development: mesoderm patterning
and how Jeb might signal.
(A) Patterning mechanisms that subdivide the trunk mesoderm.
Lateral view of stage 10 Drosophila embryo together with
schematic representation of three segments. Each is subdi-
vided into domains of progenitor cell populations for the vis-
ceral muscle (blue), somatic muscle (purple) and heart (green)
by general patterning signals and transcription factors. These
are encoded by, in the A–P axis, the wingless (wg) and hedge-
hog (hh) signals and the even-skipped (eve) and sloppy-paired
(slp) transcription factors, and in the D–V axis the decapenta-
plegic (dpp) signal. (B) Specified clusters of visceral muscle
progenitors (blue) express bagpipe (bap), shown in a lateral
view of a stage 11 embryo. The section shows that they lie
internal to the adjacent somatic muscle progenitors (purple)
and receive Jeb signals from them. (C) Differentiated file of vis-
ceral muscle (blue) expresses Fas3, shown in a lateral view of
a stage 12 embryo. The section shows that the visceral muscle
progenitors have migrated longitudinally to form a continuous
file of cells.
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Beyond Drosophila Mesoderm
In the manner of many signals, is Jeb used in multiple
situations? The answer may be yes, as in Drosophila
embryogenesis jeb is transcribed in neurons and the
Jeb protein found in axons [3]. Is jeb function con-
served in evolution? As yet we do not know. There are
morphological and developmental similarities in the
visceral mesoderm of Drosophila and vertebrates [11].
This similarity extends to the molecular level, but does
it include Jeb? Today there is the expectation when a
novel gene function is found in Drosophila that similar
genes may be at work in other animals including our-
selves. Ongoing and future studies will determine
whether this expectation is realised in this case, both
for the role of jeb in visceral muscle and its possible
role in the nervous system.
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